INTRODUCTION
More than 90% of the cases of acute calculus cholecystitis (ACC) are associated with gallstones. 1 2 ACC represents one of the most common complications of cholelithiasis, which can be found in 20% of symptomatic patients. It is known that the initial event in ACC is the obstruction of the gallbladder's drainage due to an impacted gallstone in the Hartmann's pouch or the cystic duct. Intraluminal pressure increases, reducing blood irrigation and lymphatic drainage, which finally produces gallbladder inflammation. It is assumed that this inflammation is initially sterile. However, if the obstruction persists, infection can develop, commonly with bacteria of the family of Enterobacteriacea, Enteroccocus spp and anaerobes. [2] [3] [4] The diagnostic criteria and severity assessment of acute cholecystitis have been well established in the 2007 Tokyo Guidelines, updated in 2013. According to these guidelines, ACC is classified as mild (grade I), moderate (grade II) and severe (grade III). Severe acute cholecystitis is associated with at least one organ dysfunction. Moderate acute cholecystitis is associated with any of the following conditions: elevated white cell count (WCC) (18 000/mm 3 ); palpable tender mass in the right upper abdominal quadrant; duration of symptoms for more than 72 h; marked local inflammation (gangrenous cholecystitis, pericholecystic abscess, hepatic abscess, biliary peritonitis, emphysematous cholecystitis). Mild acute cholecystitis does not meet the criteria of any of the former conditions. It can also be defined as an acute cholecystitis in a healthy patient with no organ dysfunction with only mild inflammatory changes in the gallbladder.
While laparoscopic cholecystectomy (LC) is the gold standard treatment of mild and moderate forms of ACC, the need for antibiotic therapy after surgery continues to be a matter of debate. There is a lack of evidence regarding duration and type of antimicrobial therapy after surgery. [2] [3] [4] [5] [6] The updated Tokyo Guidelines propose to administer antibiotics only up to 24 h after surgery for mild ACC and 4-7 days in moderate or severe cases. 4 It has been suggested that a β-lactam monoscheme (ie, amoxicillin/clavulanic acid (AMC)) would be adequate in patients with mild and moderate cholecystitis without intraoperative complications such as bile peritonitis, cholangitis, gallbladder perforation or abscesses. [4] [5] [6] [7] However, the real benefits of its use in these situations have not been well studied. Antibiotics are associated with common adverse effects such as allergic reactions and digestive intolerance (nausea, vomits and diarrhoea). Nowadays, there is a clear tendency towards the rational use of antibiotics in order to prevent bacterial resistance. Amoxicillin has been associated with a 7-8% incidence of toxicodermia, 1% of allergy reactions and a very low incidence of anaphylactic shock (0.01-0.04% with the use of penicillin). 8 Hence, we decided to conduct a randomised controlled trial (RCT) in patients undergoing LC for mild and moderate ACC, randomising patients to receive AMC or placebo after surgery. The primary objective of the present trial is to assess whether antibiotic treatment after LC in mild or moderate ACC reduces the incidence of postoperative infectious complications. The hypothesis is that postoperative antibiotics have no positive impact on patient's outcome and therefore should not be indicated in this subset of patients.
METHODS AND ANALYSIS Trial design, setting and randomisation
The Cholecystectomy Antibiotic Randomised Trial (CHART) is a randomised, controlled and blind to patient, investigator and data analysts study, which compares antibiotic treatment after LC due to mild and moderate ACC versus no antibiotic treatment. From February 2014, surgeons initiated this study ( protocol V.1.0) at Hospital Italiano de Buenos Aires (HIBA). This is a teaching hospital affiliated to the University of Buenos Aires Medical School and the HIBA University Medical School.
All patients admitted with acute calculous cholecystitis will receive parenteral hydration, gastric protection with proton pump inhibitors, analgesics and intravenous treatment with AMC. This treatment is continued until the operation. Surgery will be performed within the first 5 days after admission. Those patients who worsen during the waiting time will be explored as soon as possible. Potential complications (such as bile peritonitis, cholangitis, gallbladder perforation or abscesses) or evidence of greater severity of cholecystitis may occur and this can only be diagnosed during surgery. These patients will not be eligible for randomisation and will be dismissed from the statistical analysis. Nevertheless, this group will be considered in the final flow chart.
After screening for eligibility and informed consent is obtained, patients will be randomised in a 1:1 ratio into one of the following study groups (figure 1):
In summary, patients are recruited prior to surgery but are randomised only after surgery, once the investigators confirm that no exclusion criteria are present intraoperatively.
Patients will be randomised using the online randomiser provided by the Hospital Italiano Statistics Department (http://protocolos.hospitalitaliano.org.ar). This randomiser provides a list with a sequence of numbers from 1 to 300, each one randomly assigned to one of the study groups. Patients will be assigned to each number in order according to the moment they enter the protocol. Neither the researchers nor the patients will have knowledge of the assigned treatment until the end of the study. Each Treatment Pack (TP) will have a code to retrospectively help identify which group of treatment modalities the patient was assigned to. Each TP contains capsules for a 5-day treatment to be administered three times per day. The capsules will be provided by the HIBA Central Pharmacy according to the randomisation list. The antibiotic and placebo capsules will be packaged and labelled identically. These capsules will be made of insipid gelatine material and will have the same colour.
Trial organisation
Trial population and patient recruitment All consecutive patients with the new diagnosis of mild or moderate ACC according to the Revised Tokyo Guidelines 5 admitted to the HIBA will be screened for eligibility to be enrolled in the CHART.
Patients will be approached for randomised inclusion if they meet each of the following inclusion criteria: diagnosis of mild or moderate ACC; willingness to participate in the study; ability to understand the nature of the study and what will be required of them; men and non-pregnant, non-lactating women between 18 and 85 years of age who undergo early LC (before 3 days after the onset of the symptoms).
Exclusion criteria are rejection to participate in the trial or the process of informed consent; hypersensitivity to AMC or lactose (used in placebo); severe ACC; moderate ACC associated with liver and/or gallbladder abscesses, cholangitis or bile peritonitis; intraoperative findings such as liver cancer, liver metastases, common bile duct stones or gallbladder carcinoma; conversion to laparotomy; previous treatment with antibiotics for more than 5 days; active oncological diseases; AIDS transplanted patients.
Trial interventions
All patients admitted to HIBA from February 2014 with mild or moderate ACC were invited to participate in the study. Surgeons from the hepatobliopancreatic section of the HIBA will recruit participants. Patients will receive parenteral hydration, gastric protection with proton pump inhibitors, analgesics and treatment with 1000 mg of AMC intravenously every 8 h until surgery, which has to be performed within 5 days after admission. No extra dose of AMC will be administered during surgery.
If there are no intraoperative criteria for exclusion, patients will be randomly assigned to either group of intervention: Experimental group: antibiotic treatment after surgery:
Patients in the experimental group will receive 1000 mg of AMC orally every 8 h for 5 days, immediately after the surgery. Control group-placebo treatment after surgery:
Patients in the control group will receive placebo orally every 8 h for 5 days, immediately after the surgery.
Study objectives and end points
The primary objective of the present trial is to assess whether antibiotic treatment after LC in mild or moderate ACC reduces the incidence of postoperative infectious complications.
Primary end point
The primary efficacy end point is postoperative infectious complications, defined as any infection occurring within the first 30 postoperative days, classified according to the Clavien-Dindo Classification. 9 After randomisation, patients will be followed up for 30 days.
Secondary end points ▸ Length of hospital stay: number of days from admission to hospital discharge. ▸ Readmission: need of readmission due to postoperative complications that require hospital care (hydration, intravenous antibiotics, percutaneous drainage, surgical treatment). ▸ Reintervention: need of surgical treatment under general anaesthesia or percutaneous procedure in complicated patients. ▸ Overall mortality: deaths occurring during the first postoperative month. 
Trial implementation
Inclusion, evaluation and follow-up Patients will be screened according to the eligibility criteria and asked for written informed consent. Afterwards, they will be allocated randomly to each of both study groups.
Study schedule
The evaluation schedule for all patients will be as follows: Stage 1: Every patient included in the protocol will be registered in a sheet containing personal information and data on the primary and secondary end points. TP will be administered during the five postoperative days. Each patient will receive a medicament control sheet where they will register every dose. On days 7 and 30, patients will be monitored in the outpatient's office. Patients will be given contact telephone numbers in case they have any concern or need to report any event during follow-up. All data collected will be registered in the follow-up sheet. Stage 2: During this stage, researchers will carry out a statistical analysis of the analysed variables and their relations.
Sample size
We hypothesised that the absence of postoperative antibiotic treatment would not be inferior to receiving antibiotics after surgery for the development of surgical site and distant infections after cholecystectomy. Our sample size calculation was based on published data [10] [11] [12] [13] and on an expected postoperative infection rate in the antibiotic group of 3%. Assuming a non-inferiority margin of 5%, a one-tailed α error of 5% and a power of 80% to reject this null hypothesis, we estimated that the required sample size would be 150 cases in each group.
Monitoring
All data will be registered in follow-up sheets by the investigators. These sheets will be exported weekly to Microsoft Access (V.2013, Microsoft Corporation). The Research Projects Evaluating Committee (CEPI) of HIBA will audit this trial every 6 months. An interim analysis will be performed once 150 patients are recruited.
Statistical analysis
Confirmatory analysis A non-inferiority design was chosen. The results will be analysed on an intention-to-treat basis. The association between outcome and the assigned treatment will be evaluated using the χ 2 TEST in discrete variables and analysis of variance for continuous variables. All data analysis will be performed using the SPSS software package V.17.0 (SPSS, Chicago, Illinois, USA).
Clinical management and abandonment
Patients included are warned not to take medications from other doctors outside the study. In case a patient requires antibiotics for some reason, the blind will be revealed to ensure the proper treatment for this patient. This event will be registered and the patient will be considered in the statistical analysis.
Each patient is informed to be free to abandon the treatment at any time by informing the researchers. If the medical team or researchers consider that the patient is at risk due to the study, the patient will be removed and the doctors will provide feedback to the patient.
Damage and complications
If the patient presents any infectious complication during the postoperative stage or any sign of persistent infection such as leukocytosis (defined as a WCC of 10 000/mm 3 or more), fever over 38°C (100.4°F), hepatogram alterations, cholangitis or hepatic abscesses, the medical team will proceed to stop the administration of TP and decide which medical actions need to be taken according to each particular case. Any adverse event detected during outpatient monitoring will be registered and classified according to its severity into mild, moderate and severe. 1. Mild: Transitory events that do not require special treatment. These events do not affect a patient's daily life. 2. Moderate: Events that interfere in the patient's daily routine that require minimal, local or non-invasive intervention. 3. Severe: Medically significant, disabling or immediately life-threatening events that require hospitalisation and/or urgent intervention.
ETHICS AND DISSEMINATION Ethics approval
The CHART is conducted in line with the current national and international regulations: World Medical Association Declaration of Helsinki, Regulation 5330/07 ANMAT, the Standards of Good Practices ICH E6 and the laws and regulations of the country, providing the greatest protection to the patient. The CHART has been registered at Clinicaltrial.gov database (ClinicalTrials.gov, identifier: NCT02057679).
Informed consent and confidentiality
In all cases, the participation in the study is voluntary and certified by the process of informed consent. The right to refuse to participate in the study will be respected at all times without any implications in the treatment of the patient disease. The antibiotics proposed correspond to the empirical initial scheme that is in use in our institution for patients with inflammatory/ infectious hepatobiliary affections acquired in the community. All data collected will be treated with confidentiality and anonymously. Authorised personnel can only access the records of the study in compliance with the current legal regulation: National Law of Personal Information Protection No. 25.326 (Habeas Data Law). All patients will be informed of the aims of the study, the possible adverse events, the procedures and possible hazards to which they will be exposed, and the mechanism of treatment allocation. Furthermore, it is the responsibility of the investigator to explain to the patients their duties within the trial. They will be informed about the strict confidentiality of their personal data, but that their medical records may be reviewed for trial purposes by authorised individuals other than their treating physician. Trial findings will be stored in accordance with local data protection law/ICH GCP-Guidelines and will be handled in the strictest confidence. For protection of these data, organisational procedures are implemented to prevent distribution of data to unauthorised people.
Dissemination
Anonymised results of the study will be published in a peer-reviewed journal, and will be presented at academic meetings and scientific conferences. Only the registered investigators will have access to the individual patient data.
DISCUSSION
Although ACC is one of the most common diseases in general surgery, few trials have assessed the role of antibiotic therapy after LC. Most publications on the subject analyse the use of antibiotics after conventional procedures, or mix in the same design open and laparoscopic procedures.
In the late 1980s, Lau et al randomised 203 patients and compared a short course of two doses versus a long course of 7 days of cefamandole after early open cholecystectomy. They found that the short course was as effective as the long one in reducing postoperative infectious complications with the additional advantages of lower costs, risks of adverse events and length of hospital stay.
14 This was the first study to suggest that a reduction in the use of postoperative antibiotics may be possible. However, this study is outdated given the many changes in bacterial resistance over time and the modern surgical therapies. In addition to these findings, Mazeh et al 3 conducted a RCT in which they demonstrated that the addition of intravenous antibiotic treatment to supportive care has limited, if any, effect in patients with mild ACC.
Recently, Regimbeau et al 15 published a multicentre RCT in which patients admitted with mild and moderate ACC were randomised to antibiotics or no treatment after surgery. In the author's opinion, the main limitation of this study is that it includes both conventional and laparoscopic approaches (15% open cholecystectomies and a 10% conversion rate). It has been widely demonstrated that one of the advantages of the laparoscopic approach is that it is associated with the less surgical side infections rate. 16 Thus, both approaches should be studied separately. Another limitation of this study is that it does not include a placebo group, which may lead placebo effect bias.
The trial proposed here is an original study in which, for the first time, antibiotics are compared with placebo after LC in cases of ACC. The CHART is a double-blind RCT designed to evaluate the need for and safety of antibiotic treatment after LC for mild or moderate ACC. The results of this trial will provide strong evidence for decision-making in this matter. This could avoid the unnecessary use of antibiotics after surgery, decreasing the incidence of associated adverse events, as well as the emergence of bacterial resistance and treatment costs.
